The basic aim of this work was to determine the reason for the large variances in sweet potato starch yields during extraction. The study was conducted on 19 varieties of sweet potatoes harvested in both the wet and dry season. There was higher starch content (or decreased water content) in sweet potato harvested in the dry season. There seems to be no direct relationship between starch content and starch recovery. This was because the starch present in the tubers was held in different ways in the fiber. As a result different varieties of sweet potato require different amounts of rasping to release the starch. In the choice of the sweet potato variety for starch extraction the amount of tuber harvested per unit area of land, its starch content (which depends on the season of harvest) and most importantly the starch extractability needs to be taken into account. With increased rasping there was increase in the starch extracted from the sweet potato. However, increased in starch extraction levels above 85% require large increase in energy input which might not be economical. It was found that with increase in rasping there was no increase in fiber impurities and that the quality of the starch was acceptable.
INTRODUCTION
Sweet potato, Ipomoea batatas L. (Lam.) is cultivated in more than 100 countries. Developing countries account for 98% of world output. It is a low priced and abundant commodity, which has a tremendous potential as an industrial raw material after starch extraction. The production rate of sweet potato had been reducing alarmingly in most of the sweet potato producing countries of the world. [1] Total loss of root crops was as high as 20-40% in Vietnam. [2] This is due to the lack of appropriate storage and processing technology that are available to the end users.
China accounts for 80% of the world production and processes about 15-20% of the total sweet potato produced to starch, while the remaining is consumed in the fresh form. [3] This leads to a yearly production of more than 300,000 tones of sweet potato starch. [4] In Japan about 100,000 tones of sweet potato starch were made each year accounting for 35% of all the sweet potato produced. [5] Sweet potato has the advantage of being a high starch producing crop with 30-50% greater starch yield than rice, corn, and wheat starch sources measured under the same conditions. [4] Sweet potato starch is also applied in the textile, paper, cosmetics, insulating, and adhesive industries in Japan from as far back as 1965. [6] However, the recovery of starch from different sweet potato varieties was found to be 37-62%. [7] Data from China and the International Potato Center (CIP), Peru show that the percentage of extractable starch varied from 30% to 85% of total starch across the varieties using standard starch protocols. [8] The starch extraction rate (yield from fresh roots) from traditional and larger scale processing in China is usually not more than 12% and 15% respectively. [9] This is in contrast to one extraction plant in Japan which claimed an extraction rate of 28%. [10] Low as well as large variation of starch extraction rates reduces the attractiveness of processing sweet potatoes for starch by increasing raw material and processing cost per unit of extracted starch produced. The starch contained in the roots can be lost as high residual starch content in the fibrous residue. This would indicate that grating or grinding is inefficient for cell disruption required to release the starch granule at cellular level leading to loss of starch as a pollutant. Research to date with sweet potato starch extraction or processing has concentrated on overall yields of starch from fresh roots without consideration of the extraction efficiency and also using a limited range of varieties. There is an urgent need to understand the reason for variability in the starch extraction of sweet potatoes and to identify the means to obtain reliable and high extractability rates through appropriate processing technology.
The objective of this study was thus to determine the reason for the variability in starch yields from the 19 varieties of sweet potato roots, need for optimizing extraction method, effect of climatic conditions on process parameters and the considerations to be made in the selection of appropriate sweet potato variety for higher starch yield.
MATERIALS AND METHODS

Materials
Twenty varieties of sweet potatoes were obtained from the Phichit Horticultural Research Center, Phichit, Thailand, in dry and wet seasons for this study.
Analytical Methods
Moisture and dry matter content of the sweet potato roots and starch were determined following AOAC method. [11] Determination of starch content was done by acid hydrolysis using the method suggested by Rahman et al. [12] for the sweet potato roots. The reducing sugar obtained on hydrolysis was measured by DNS method. [13] The total reducing sugar multiplied with a factor 0.9 gave the starch content of sweet potato roots. Purity and protein content of starch was determined by ICC method. [14, 15] Fiber was measured according to AOAC method. [11] The degree of whiteness of starch was determined using a Kett digital whiteness tester (Model C-300) using the starch powder with reference to the standard (JISZ8722).
Starch Extraction Method
Starch was extracted from 19 varieties of sweet potato obtained from the Phichit Horticultural Research Center at the Bioprocess Technology Program laboratory of Asian Institute of Technology (AIT), Thailand.
The Natural Resources Institute (NRI) method was initially used for sweet potato sampling and its starch extraction respectively. [16] Fresh sweet potato was washed and dried in the laboratory at ambient condition of about 30 C for two days. It was then sliced to 2-3 mm thickness in transverse direction. The samples were then mixed thoroughly and 200 g was put in a blender. Water (360 mL) was added with the sweet potato sample, which was then ground for 60 seconds. Later the slurry was filtered through 230 mesh nylon cloth. The filtered starch milk was allowed to sediment for 6 hours. Subsequently the upper layer of water was decanted and wet starch was left to dry for 24 hours under ambient conditions. Thereafter, the starch sample was dried at 65 C for 48 hours. Finally the sample was weighed and the starch yields and starch recovery calculated from the following formulae:
In order to improve extraction the residue obtained during filtration was recycled and blended twice.
Rasping Effect
Rasping effect is the quantification of the amount of starch released from the fiber due to rasping. It has been used by Balagopalan et al. [17] for cassava and gives an idea of the amount of rasping or blending required. During the homogenization steps most of the starch granule comes out from the flesh of the root. The rasping effect (R) is a quantification of the amount starch released from the root fiber is given by:
where S w and S r ¼ Starch content in the waste and root and F w and F r ¼ Fiber content in the waste and root respectively.
In these experiments blending time was increased from 30 seconds to 10 min and sedimentation was allowed for 6 hours in all cases. All experiments were replicated at least twice. The mean value and standard deviation was calculated from the data obtained.
RESULTS AND DISCUSSION
Physical Characteristics of Sweet Potato Roots
Sweet potato roots were cultivated in the same farm with similar management for same periods of time in a given season and harvested together. There were differences in the flesh and skin color for all varieties except P#4OP-31 and UPLSP3 varieties whose flesh and skin color were white. The others skin color ranged from red, pink, white to yellow while the flesh color was white, cream, orange, and yellow. Their width and length varied 2.3-8.5 cm and 8.6-17.9 cm respectively.
Seasonal Variability of Starch Content
The measured starch content (%) was always higher than the total extracted starch value ( Table 1) using varieties of sweet potato roots harvested in the dry and wet season. This is to be expected as starch extraction will not be expected to be 100% efficient in any case. The highest and lowest starch content measured was 29.3% and 15.5% on a wet basis (wb) in PIS 106-35 and PIS 115-1 variety respectively in dry season. The range of starch content was found to be varied from 14.2% (PIS 94-1) to 34.1% (CIP 12-4) in wet season ( Table 1) .
Sweet potato varieties were categorized according to starch content found by the chemical analysis as suggested by Maneepun et al. [7] The category based on starch contents obtained by chemical methods was below 20% as low (L), 20-25% as medium and over 25% as high (H). Six varieties such as CIP 23-9. PIS 106-35, PIS 129-6. PIS 129-3, P#4OP-31, and UPLSP 3 were in the high category of starch content, five varieties (CIP 11-2, PIS 117-5, Maejo, Eduk, and VSP 6-34) were in medium and the remaining two in the low starch group in dry season. Three varieties such as CIP 11-2, CIP 12-4, and Maejo were in high starch group in wet season. Another four varieties CIP 23-9, PIS 98-6, PIS 99-8, and PIS 113-7 were in medium and the remaining four were in the low starch group in wet season. Starch content in percent was found to be higher in dry season than that of the rainy season in general. This might be due to high conversion of starch into soluble sugar in wet season. The Maejo variety obtained for this experiment in the dry weather was partially infested on harvest and may be the reason for the low starch content. The reason for less starch content in the dry season for CIP 11-2 is not known.
Starch Extraction
Initially the starch extraction was done by the laboratory method followed at CIP. [8] With a single homogenization 6.0% (PIS 113-7 variety) (minimum) to 15% (Eduk variety) (maximum) starch extraction was possible in the dry season and 6.2 (minimum) to 12.2% (maximum) in wet season for PIS 115-1 and PIS 65-5 varieties respectively ( Table 2 ). Due to the similarity in starch extraction with roots with different dry matter content (wet and dry season) it was felt that the homogenization suggested by the CIP method was not sufficient to release all the starch from the fiber leading to low recovery. This was because the starch content in the same variety for two different seasons is usually different, as shown reported later ( Table 1 ). In order to decrease the loss in the fiber and improve the starch extraction, it was decided to homogenize the roots three times. The residue obtained on filtration was blended two additional times in these experiments. There was an increased release of starch from the fibers and hence better extraction efficiency. Increase in extraction of starch thus ranged from 51% (Eduk) to 164.6% (P#4OP-31) and 40.7% (PIS 100-52) to 94.9% (CIP 11-2) with dry and wet season varieties respectively as compared to single step homogenization ( Table 2 ). These results show that in some cases extraction is better with roots harvested in the wet season for single homogenization. It may be due to the softness of roots during the wet season. The starch was thus lost in the fiber if there was insufficient homogenization. However with increased homogenization (three times) there was increase in starch yields in all cases. Also the increase in homogenization did not bring about the same increase in starch production in the different varieties. This would suggest that the manner in which the starch is held in the fiber is different for different varieties. The dry matter of sweet potato varieties varied from 25 to 45.7% ( Table 1 ). The dry matter content has a direct relation to the starch content. Higher the dry matter content, higher is the starch content. Generally dry matter was found higher in dry season resulting higher starch content. The starch lost with some impurities in the decanted water was in the range of 0.35-1.86% after 6 hour of sedimentation. The impurities in this stream were very sticky and light to dark brown in color. The starch color can be improved by washing and loss can be minimized by centrifugation of decanted water.
Choice of Sweet Potato Variety for Starch Production
It is evident that higher starch content does not necessarily mean higher percent of extractable starch. So, extractability of the starch is a more important criterion in the choice of variety for starch extraction rather than starch content. Starch recovery was varied from 70.6 to 96.5% and 47.6 to 96.5% through repeated homogenization (3 min) in dry season and wet season respectively (Table 1) . This was higher in dry season. The average starch recovery was found to be 80.2% and 65.8% in dry and wet seasons respectively in the laboratory. Maneepun et al. [7] got 37-62% in the medium scale extracting machine. The results indicate that care should be taken in the choice of sweet potato variety when the aim of using the product is for the extraction of starch. When a plot of starch content in roots was made against starch recovery for the varieties studied, there seems a negative or indeterminate relationship (Fig. 1) . This result certainly indicates that the extractability of starch should be simultaneously taken into account during the development of varieties with increased starch content. The choice of the variety to be grown will then be the variety that has the highest extractable starch per hectare of land cultivated. The extraction values given on Table 3 are with single homogenization. Better starch extraction would indeed reduce this loss, provided a suitable variety is chosen. For example, the estimated starch production per hectare based on starch content in wet basis was calculated and found to be between 2.35 and 4.75 ton per hectare for Maejo and CIP 11-2 varieties respectively ( Table 3 ). In other words the variety which gives the highest value for the product of tons tuber produced per hectare and tons starch per ton of tuber should be chosen. It is evident that PIS 115-1 has the highest yield (26.8 t=ha) and the highest starch extraction 2.28 t=ha among the varieties tried. However, the variety CIP 23-9 which has a relatively low harvest of 16.9 tons per hectare gives a high overall yield of 1.9 tons starch=hectare. This is because of its higher extractability of his variety in the dry season. 
Rasping Effect
With sufficient rasping for all tubers of course the variety with the high starch content will give high yield. But this will mean sufficient homogeneous to remove all the starch. The rasping effect is a measure of the release of the starch from the fiber of the tubers. The rasping effect was 75% with homogenization of 30 seconds (Table 4 ). On increase of blending time to 3 min rasping effects increased by nearly 10%. Beyond the 3 min of blending rate of increase in rasping was lower. High rasping effect is related to energy requirement and thus to cost. In real system one would have to trade off between cost of increased rasping and the amount of extracted starch. One would get taking into account the economics of the process. It has been reported earlier that excessive rasping heavily destroyed cell wall and is not recommended in order to avoid problem during successive sieving, separation, and purification process. [18] However, there was no breakdown of starch granules as was seen from the brifringerence of the starch granule under polarized light. 
Purity of Extracted Starch
In order to check if increased homogenization also led to fiber being present in the starch its purity was measured. This was done for 15 varieties by the ICC method. [14] The purity of the starch samples varied 91.9% for PIS 100-52 to 97.2% for VSP 6-34 (Table 5 ). These values indicate that the method of extraction used and the three times homogenization in these experiments was efficient. Ninety seven percent starch is the minimum requirement for commercial starch in the European Union. These results are comparable to laboratory starch samples analyzed by Collado and Corke [19] and Tian et al. [20] However, Swinkels [21] mentioned that the purity of native starch required by some industry is 98-99.5%. In the varieties in which the purity was lower than the acceptable values further separation would be required. Hence following extraction, a further purification stage becomes essential in many cases. The protein and moisture content of extracted starch were 0.09-0.2% and 8.7-12.7% respectively which are also within the limit of commercial starch. The whiteness number of starch varied from 69.4 (CIP 11-2) to 89.3 (PIS 117-5). In Vietnam bleaching of sweet potato starch is also practiced to make the starch whiter. But Duc [22] indicated that some places of Vietnam people do not like white color noodles (a product made from sweet potato starch) which are obtained by chemical treatment.
CONCLUSION
The main conclusions that can be made for this study relate to the choice of sweet potato variety for starch extraction. In case one desires to use the sweet potato for starch extraction, the sweet potato yield at harvest, its starch content and most importantly the extractability of starch needs to be taken into account. There was a large variance in the starch content of roots of the same variety depending on the time of harvest. Starch content of sweet potato in the dry season was much higher than in the wet season. There was no direct relationship between the starch content and starch recovery. There was a manifold increase in the amount starch extracted by repeated homogenization of the roots. Increased rasping increases the starch release from the root. However, above 90% release (rasping) of starch in the roots required much larger quantities of energy, which is not recommendable. While increased rasping can lead to increased release of the starch from the root fiber, the use of enzymes should be seriously considered. With the drop in price of the enzymes this could lead to cost saving over the amount spent in the rasping. Finally, in case of genetic manipulation studies the extractability of starch should also be taken into account along with starch content in releasing new varieties if the ultimate aim is to produce starch.
